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[57] . g’ ‘ ABSTRACI‘ 

A microwave energy trap for use in conjunction with 
the exit and entrance ports of a conveyorized micro 
wave oven. The ‘energy trap operates to prevent the 
escape of microwave energy through the ports into the 
surrounding environment. The energy trap comprises a 
tunnel having a current suppressing coating, resonant 
slots communicating through the wall of the tunnel, and 
waveguide chambers located over the slots for absorb 
ing and dissipating microwave energy. 

5 3 Drawing Figures 



4,176,267 Nov. 27, 1979 US. Patent 

l 

212 2‘4 /23 2| 20 I 7 



'Mlcmwxvn'mmy TRAP- , ' 

‘BACKGROUND OF. rHE INVENTION 
The present invention relates to apparatuses for treat 

ing materials with microwave energy and, more partic 
ularly, ‘to energy ‘ traps for preventing’ the escape of 
microwave energy into the environment from micro 
wave ovens. ' : " ' 

The processing of materials by means of _ microwave 
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energy radiated within an enclosure has become wide- - 
spread. Microwave oven systems enjoy the advantages 
of ef?ciency, fast processing times, low cost, and more 
uniform heating in the case of lossy dielectric materials. 
For the purposes of the present discussion, the term 
microwave refers to electromagnetic energy ,havi’ng 
wavelengths in the range between one meter and one 
millimeter or frequencies in excess of 300 megahertz. 
To provide for continuous operations, “many indus 

trial microwave ovens have been provided with con 
veyors which carry the material to be treated into, 
through, and out of the enclosure of the oven; A serious 
drawback of these continuous ?ow process systems has 
been that the access openings to the enclosure can leak 1 1 
considerable microwave energy into the'surrounding 
environment. Such leakage may result in medical detri 

with nearby communications services. On'account of 
these hazards, there is a need to provide efficient de-.. 
vices which will reduce the aforementioned leakage. 
Various solutions have been proposed to deal with, 

the problem of microwave energy escaping through the 
access, ports of conveyorized microwave,_ovens. US. 
Pat. No. 2,868,939 to Pound discloses the ‘use of lossy 
dielectric energy‘ absorbing panels disposed in a vesti 

with a resistive material and oriented in the plane, or 
planes, of maximum electric ?eld excitation in the vesti 
bule. This structure is not suf?ciently effective to re 
duce energy leakage to the desired level. U.S. Pat. No. 
3,048,686 to Schmidt discloses the use of multiple, ad 
justable quarterwave blocking ?lters in tunnels adjacent 
to the oven access ports. As an extra feature, Schmidt 
also discloses the use of slots in the tunnel walls appar 
ently for re?ection of radiation back into the oven en 
closure. This device is complicated and expensive to 
assemble. US Pat. No. 3,624,335 to Dench discloses 
slotlike discontinuities in the walls of access tunnels 
adjoining the entrance and exit ports of a microwave 
oven. These discontinuities function to re?ect micro 
wave energy back into the main oven enclosure. Addi 
tionally, Dench disclosed the use of sheets of energy 
absorbent material enclosing the discontinuities appar 
ently for the purpose of assuring attenuation of escaping 
energy not adequately re?ected by the slots. This struc 
ture is effective but still allows unacceptable amounts of 
microwave energy leakage. U.S. Pat. No. 3,858,022 to 
Smith discloses an attenuation channel having spaced 
plates forming passages containing microwave absorb 
ing material and an intermediate section wherein liquid 
lossy to microwaves is circulated into access with es 
caping microwave energy. This apparatus is effective 
but is of such a complicated structure that its cost is 
prohibitive so as to preclude general use. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide an apparatus for use in conjunction with a con 
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'ment to persons in the area and possibly interferencea~ ’ 
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2 
veyorizedmicrowave oven which will ef?ciently pre 

{vent the escape ‘o'f‘any signi?cant quantities of micro 
. wave energy vfrom the oven. 

. It isffurtherobject of the present invention to pro 
vide an apparatus for use in reducing microwave energy 
leakage which is simple in design, highly effective in 
use, inexpensive to contruct, and otherwise well 
:adapted'to the purposes for which the same is intended. 

Accordingly, the present invention provides a micro 
wave energy trap for reducing energy leakage from a 
.microwave oven having access ports and a conveyor 
means running into and out of the oven enclosure 
through the access ports. The energy trap comprises a 
tunnel adjoining and extending out from one of the 
access ports to the oven. Resonant slots are provided in 
the walls of the tunnel. Waveguide chambers are lo 
cated on the outside of the tunnel over of the resonant 
slots. Microwave energy absorbing materials are dis 
posed inside the waveguide chambers. In operation, 
microwave energy escaping through the oven access 
port is directed through the resonant slots into the 
waveguide chambers as it passes down the tunnel. This 
energy is then-absorbed by the microwave energy ab 
sorbing material in the waveguide chambers. Addition 
ally, to further attenuate the microwave energy passing 
down the tunnel, an energy absorbing coating may be 
adhered to the inside walls of the tunnel. 

. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an overall perspective view of an illus 
' trative embodiment of the present invention installed on 

, aconveyorized microwave oven. 

.35. 
bule adjoining an access port. The panels are coated I 
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FIG. 2 shows a cross—sectional view of a set of wave 
guide chambers installed on one tunnel of a conveyor 
ized microwave oven. 
FIG. 3 shows a broken away perspective view of one 

wave-guide chamber installed on one tunnel of a micro 
wave oven shown without its conveying system. 

' DESCRIPTION OF THE PREFERRED 
' EMBODIMENT 

Referring now to the ?gures wherein like reference 
characters refer to like or corresponding parts through 
out the several views, FIG. 1 shows a conveyorized 
microwave oven 10 including two microwave energy 
traps 11 of the present invention installed thereon. The 
microwave oven 10 includes microwave generator 13 
which radiates microwave energy down rectangular 
waveguide section 14 through a suitable aperture into 
enclosure 15. Microwave generator 13 may be any con 
ventional microwave tube such as a magnetron operat 
ing at any suitable frequency. However, for the pur 
poses of this description, generator 13 is preferably 
operated at 2450 megahertz. The oven enclosure 15 is 
formed by substantially parallel conductive wall mem 
bers which provide a con?ned space in which materials 
may be treated with microwave energy. Ports 19 are 
provided at opposite ends of enclosure 15 through 
which conveyor belt 16 may pass. Conveyor belt 16 
runs through the oven enclosure 15 and around rollers 
17 providing a means to transport material to be treated 
through the oven. Belt 16 is comprised of a nonconduc 
tive, low dielectric loss material such as plastic which 
does not absorb microwave energy. 
The microwave energy traps comprise tunnels 20, 

waveguide chambers 21, energy absorbing materials 24 
(see FIGS. 2 and 3), resonant slots 23 (see FIGS. 2 and 
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3), and energy absorbing tunnel‘coatingi25 '(see FIG.‘ 3). 
The tunnels 20 are open ended rectangular waveguide 
ducts adjoining'ports 19 and enclosing: conveyor belt‘ 16 I 
with suf?cient extra space to allow the materials to’ be 
treated to be transported on the belt; The tunnels‘ 20 
con?ne microwave energy leaking out from ports‘719. 
FIGS. 2 and 3 show resonant slots 23 which"communi-' 
cate through the‘ walls of tunnels‘ 20.. Slots .23 are-Kan 
integral multiple of one-halffree space wavelength of 
the microwave energy long and ‘are of any’convenient 
width approaching one-quarter inch. ‘If the microwave 
generator 13 operates at 2450 megahertz, then slots .23‘ 
may be approximately 2.41 inches long‘andv preferably 
one-quarter inch wide.Slots 23 may be located on one 
or more sides of tunnel 20. Slots 23 should be oriented 
with their long axes approximately perpendicular to the 
direction of microwave energy‘ propagation in tunnel ' 
20. Slots 23 should preferably be located in. a pattern so 
that any line drawn parallel to the direction of energy 
propagation in-tunnel 20, along the side of the tunnel on 
which the slots are located, intersects at least two slots. 
FIG. 2 shows a pattern of slots 23 in fourrowsand ?ve 
columns which ful?lls the foregoing criterion. .Wave 
guide chambers 21 comprise closed rectangular conduc 
tive boxes which are centered over and cover slots 21. 
The chambers 21 are open on their sides facing tunnel 
20 to allow microwave energy to flow from the tunnel 

the above described "lossy dielectric coatings or other 
microwave energy vabsorbingf'co'atings. 

In operation, microwave energy leaking from ports 
‘ 139 is‘ con?ned ‘to and'forced to pass down tunnels 20. 

s 
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through slots 21 into the waveguide chambers. The . 
chambers 21 are preferably dimensioned to cover two 
slots opposite to one another in the direction transverse”. 
to the long axes of the slots. The slots‘23 in each wave 
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guide chamber 21 should preferably be spaced 1-2 free t, 
space microwave energy wavelengths apart and ap 
proximately one-quarter wavelength from the shorter 
sides of the chamber 21. The waveguide chambers 21 
are preferably one-quarter to one-half free space micro 
wave energy wavelengths high and may be just wide 
enough to completely enclose the slots 23'.‘ As shown in 
FIGS. 2 and 3, chambers 21 contain microwave energy 
absorbing material 24 comprising a lossy dielectric ma 
terial. In this illustrative embodiment, material 24 is 
structured in the form of panels extending longitudi 
nally down the centers of the waveguide chambers 
from one longitudinal end to the other and from top to 
bottom. The panel may comprise a plastic'plate coated 
with a ?lm of ?nely divided conductive materialrform 
ing an electrically resistive surface or the panel may be 

I formed in bulk from rubber or synthetic material having 
a ?ller such as carbon or graphite which provides a high 
loss factor. Additionally the walls, or especially the 
ends, of the waveguide chambers 21 may be coated with 
a layer 26 comprising a lossy dielectric microwave 
energy absorbing material such as a ceramic ferrite 
compound disposed within an epoxy vehicle. Further, 
the inside‘ walls of the tunnel 20 may be coated with a 

. microwave energy absorbing ?lm '25 comprising any of 
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The microwave radiation affects corresponding electri 
jcal ‘current-?ows on the'inside walls of tunnels 20 as it 
propagates in‘the tunnels. jThese currents and the micro 
wave energy affecting'zthem' are‘ attenuated by lossy 

‘ ‘dielectric ?lm 25 in the tunnels 20. Further, the currents 
are interrupted by slots 21, whichslots on account of 
their ‘resonant nature radiate the microwave energy into 
chambers 21. In chambers 21, the microwave energy is 
rapidly attenuated by ‘1 microwave energy absorbing 
material 24' and ?lm 26 which convert the microwave 
energy into heat. " 

Various ‘modi?cations and alterations will readily 
' occur to those skilled in‘ the art without departing from 
the spirit‘ and'scope of the invention as de?ned in the 
appended claims. It is intended, therefore, that the em 
bodiment shown and’ described herein be considered as 
exemplary only and not in a limiting sense. 

I “claim; I 
'1. A microwave energy trap for use in conjunction 

with a microwave'oven having a conductive enclosure 
wherein materialsare treated with microwave energy, 
the enclosure having access ports and a conveyor means 
passing through the access ports and conductive enclo 
sure, said energy trap comprising: 

'(a) a tunnel means with walls enclosing one of the 
access ports of said oven outside of said enclosure, 
said conveyor means passing through the tunnel 
nieans; ’ , . ‘ ' 

(b) a plurality of resonant slot means passing through 
I‘ one or more of the walls of said tunnel means; 
(0) a plurality of closed waveguide chamber means 

. _ disposed on the outside of said tunnel means over 

said resonant slot means for entrapping microwave 
energy; and 

(d) a plurality of energy absorbing means disposed 
within said waveguide chamber means for dissipat 
ing microwave energy. 

. 2'. The microwave energy trap of claim 1 further 
' including an energy absorbing coating adhered to the 
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inside walls of said tunnel means. 
3. The microwave energy trap of claim 1 wherein 

said energy absorbing means are panels coated with 
lossy dielectric energy absorbing material and disposed 
along ‘the central portion of said waveguide chambers. 

4.‘ The microwave energy trap of claims 2 or 3 
wherein said resonant slot means comprise slots one 
half wavelength in length. 

5_. The microwave energy trap of claims 2 or 3 further 
including an energy absorbing coating on the inside 
surfaces of said waveguide chamber means. 
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